'S ^ 

(Waves and Sound) 



t^iw cm\$ w sr ^ ^ 

w*i i ^ «r«otc?f ^itwr «ni>iic^ -sit^ 

dRs *ra^? ^?*ti ^phott irfnr ^N?r it ic*Rr n? ^ 

'oitosl ^ ^apfltW '*t^f, Hc*? 3 C^t, '“t^f? dR? ^©t? i^f fTOT<3 «ilc*il&il i 






















*l*?Nfts§tiT 


ihrV 



4 *iti cm 


• w®t ^f5p& ^im ^c® 

‘ s tt^ i 

• vo^n M*i%^jNJt to® ifm i 

• 2jf®*wR ^RJ <uNjt < p^c'* *m i 

• &nl*n*1 ^I<1W £l1®*fift ^iMjf '®?£® *fl?R' I 

• '*tw^ C^t, ^1i®F iflW ®3*t liwra *tlf*lf®^ ^JM=T ®t fflC^ 

^iRi^ *ifiraM *h?r- i 

• “1c**rs C^t?r ^*OWjt TO® ' s 1t?R‘i 

• ejta®ln 'Q <£|c.im ^Jl^lJt ASIC's I 

• Hc^KI f*fl> 'Q '®ln*'»l ^jl^lJt ^ , <lt'8 i 

• "N^c'-k TO*t 'Q <p«i|<peq i£f^ gjfvawlc^ wH®i ^JNJt i 


■SoJlr 



























7.1 (Simple Harmonic Motion) 


^<pi3i ftss »£Rs&f w *nta aJp? csj® ftc®T ^oa $iic<p i 

C^ftn rfw »ifefl> wt ^f|i) wsift ^j it 

*mjHHm ^ n id «fl®t iww cslw inn tat it ^d <*r6t wK 
^id Itw i cidft n*r ^Ni Iftd fttsm ltd iMtdt «ifi>?r ■*!% 

«tft*i% ^ ft»i *t%* Wm i*ci iw is& %kh lift ^ «w ^sr 
cici *d i ^jstft "sir ^Rcii doit m, 1%?cii ^ ift ^ fc,«i ift n m 
**H^ 'Sfldtl ift H X vsKc»l ^5l?T 'Q^l? 'Wf^ H F 

F = —kx 

Jjwm <ph(.-l C*T ^R'T's it *tft H wulw Id HI d^FT ift I *tlNftssfcll 

HC5E?T ^ife’icPlN isj^ft 3.CH?, i£)^ lf% I 

tfSHtdl ^ l^El <$ftt CH l>d dltdt? (?& f^j tSftftd Itlfla 1# #t? ift 
4lftt t%33H ijl H k 41? W H m taftci vifon tihi^h ^ 

[k 

T = 2n\— 

Jm 

ift ^ it id i*iiftt ^sm <mitdt d$®iti wt «*rc* ^t? toll spat i nt? 

Wt Idt g 'o|Rt°i wH*wli Idt: 


T = 2k 

i 

(it, c^lwl ^spr i?ift, i>1% iHftt ^h<pl dtite ^r «tft «?i^ ^ttite whwH 
i*ftt «W<l 'Q*tl ftsi ^»«l It l) 


l 

9 





Sftt: 1 m ®rat ^iftt ^5T ftd 10 gm '»«m <4M>t *ltll Uftw tit's i tst?T wh»i^H < ?^>? 







































*MMResh 


i<»o 



'S®h 10 gm ^ ^ Gihi<ph sdw i <p<ig«i ^ 

cnhi^ph CTt*f OT^T CSlW g 4^ , sit ; T M® i C5^t CTO«tt! 


^^i>l Fs:k«i*i Rgi> ^<piil 'o^ ®ilFl(.<j wc^ t^r «?n>T 1 %?ijIg^ w»c,*i ^^5 ®wl C 5 ^ 
'wsittw ^ i frHji>lG<p ^®Tt ^ 5 tNj 'W«!tt (fsar 7.01-0) 1 

*lftT 'whJIg^* cl>w Rgi> a ^9 ^flto C^5® (f^af 7.01-1) '©Kg®! w5t 
fc*tBRT l^ 5 Sic'® ^l<K<1, ^TfaJ Wlf *im ^C?T ^ $*IET a ^G'S "'Scfc ^TtW, ^t?T*l?r ^Tt^t?T 
Ito •TT 5 IC® «ffaC4, ^U *ffa KCS f*f£& CTW ^itW ^ ^ l>«1G'©$. I 



(0) (1) (2) (3) (4) (5) (6) (7) (8) (9) 


fit* 7.01: {0) *ifoj w«fi 1 cSpj {1} to c^cs c?mt *w to 8 m*] 


'JttlSl Tp*fiT 2 -* 3 -» 4 -> 5 T 5R W *H*T C*fa <K3 C*T ®i<i'v|lc r l ^ «PG*R,«l I$«P 'SR^tftoT 

(6) i£|^'»|g^ R»g$ 'oilc^i (^iG?^ Rw> V C^S*t 9 lf^1®T) ^t*? ^tf5Rft <lPl ^<pi>l , *l 5t vT 

^GTC^I "SIR "?fN^o ^ 2 -> 3 C*fa 4 (iTCetS f^j OT Wff CSfc^ ^ <PC<5C5, (?K 
'©l«HlG1 f<PW ®ll s 1G^ R 1 *^ ^f®f *rt ^l*M 2f^K 2 ^k^vihRc® ^& 9 tc?i?r Rg<p <||C6^. 

*fS^ 4 «I < HHRg'© RgM ?lm, <PlG«K, ^ ^<tK,'sIg« 1 1*FC^ ^ff 

•It I 













































'Q *|R 


mm 9# Imm^ mre ^ rntm <>tii<»i3i Rtf*t ^«ut m <?TGTrr wit i £Nr1!> 
^oa *ttC?T *rtm mr (Time Period) RT (.ih«i<ph T i 4 451 *|4 *mR ^Oi> CR RRR C*T?T 

cm ~sm. rt crwm i ^ cm^ ^ircrr r?rjt r*4K 

/ = i RRfWlR T RfR WWW £|RR*t R# mCR / 4R ^ ^tfi% (Hz) 

m^r ^#r© Rfm© lR*m RRjm**tt cm* wra cRf*t $m «ir (fmr 1m RM) 
TjR'?1 7.01 %3f cr'oIcr CRRtCRt r«k.s. <?Nl£R '5CB^ a. 

4R RctR RlPifB R*tt (Phase), lR2tm ®Tt^tlc«il mf& RRR 'Q&RRI <P3G^, ^®RR c^lwl 
4R* ^5 RfR mfi>R 1m mC?T mmT (7m CRfi> RlRJfR^ CRCR* CRRCRt 4R# 

Tj^5 m>CR, CR^ '0|<HRfi> ^©tR R*ft I RR«T mR Rfm® m 4R° %°CRR PiflfS 

w«nfi> ^ <£r%>icr 1m micR mm fW m* mlirnM m i ’rhR^iw^i mm 
’tf^s cRmt m* '^t© cr m m m* cmRm *m mm <?$ m 


7.2 'osH (Waves) 

mrat rrtI; w®t cmH, “RtfR?® fc®r ^c® fm cr^; fm cm> *nfRR m®t &rRc<p 
^cr *\os i m ri% ^Htmi cr mm m *tc® crSts w®t i mrat rrr m r 1% 
m •wSi rrr m* mRt cm 5 mr rnm^tm c*ffc^ Rm crib's i | ^ < p5i 1%°^ 
■sRffF© r*cr c^c® 1m m c®m 1m cr RyF©n> m crUt^ m®t, 5 r ■m 
mtmt r1®r RtcRt Rfi^fR fmr <m Rg)F»n> 1m ^ m w*t i ^ ^tm ^rt m 
m®# ■#) m?t (?rBT m 5 ^ * 1 #, m mi < iii4R'88ici^ mm 

^*m r?^t 1m ^r? 


^msf mm R*rf m, m»t mwm (m? fm <*m mm’tt <mw mj 
wmm *nkm ^<pBi c^rntw ■simjcsm ^sm l^cm '5 r , rrr 
^il^r® <m 1%^ (tnr cm» m m i 


mrni <rtm <1# mtm mtm ^nm cm 1% 

Rt i R^R mNR 1m 4R>St «T«P Rim RRR CR C5^ ^®1 r ^CR CR^ O^B R^m : fCR ifl'CR 

m® m, msr^ iRfwotm rrt m m^tr cm m mm *iH ’fatw 

















































































pRNtoR 


to* 

<?$ mro *nto© «wr ctot fro ^©tror ^mr cw to c^ 

to^ <m$ ' 5^5 $to 4m* to <?tcto 4m* C5^ wr«*tm ^sitmtm 

«RC®tf%^?ic^ 4m* ctos a>vB<.ii^ TO TO to 4tm ^ito mastm i 

mrnm tor mto to ^©m?®tm mroftt 4 *r tor$ c^mt f^© n^i «flw6t mtwim 
crot 4 m^ fito tom to mfm mnrnmt ^itro mtf% ^tor to ^tm to 4 mfcr 
W®t (Rtf© *TO> '©’R (R^ TOT TO*R ^ mm l msgtofRIm <m«Ttm (?I^t tof|«T, 
mwrn ^tm G&5$ tor ^nto m>mwt5r ttorcm ^smR cmmiw ^ra«T i tot 

5 *l' v T r i ’if^RT »(lc<lf '©S’ w t (.M*, R**^ '©SC'®tm £l(.'S)<Pl5| R**J (£)(.<P<Pl3| ^®i*VT«1 *lt^ I 

TOit toto wq '* writ TO*ifi> to* i to to mtmre to toi rnmcmm 
'©mR mR 'SRJ 4<§; TOSlfi* tot^ Rt^ «TT v Q mp© I ©iRsI vs^c.'B’t mtmtm 'SRJ 
4mn>f 'sit WRT ^tt <K.«iR. toj ^jm CTO 5 mflcmt mmm ■'jRttos C^R ^5*R ^mR WR c<pIWI 
RtTOm Slwl'sri mm Rf i mt^ to 1 * C5T5T#t?I WR i CRT>t tot *R5l ^smTO '©ilTO 
'flllWlMl TOtl Stftto TOT© TO 4m 5 TORT TORm ^lt tot%T «*U*H, <mfi> TO 
R^Rh ?m tot%t torr cro© ctocsr i w <mrot mtTOm torr <r$ \ 
pRRtoTOm WWf RNt CTOto CTOto^ TO© m^Rm mtR TOJ «£RS *RRm TO®R 
wt m®rt mm (7# ^rot tot, cmro TOmtm ^4 wit m mt ^ ^©r sitomt 

<P5ii "^rm i 

mroi^ ^rat ^it’ttw ^rtro^ 'siiwiHi <im ^ ^ TOt ^r wri 

^t, ^t ^t»-si^r sitwra’ TO^m i <<ft *ro^ ^trn ^tto w»t i 

7.2.1 >oH(.Hn Wt% 

W®t to ^TOt ^Rt W TO^ *TO^ ^«tt ^ «flTO « 

^®m, tom to *rtto ^®m to «iiwimi i 

(0 ■*nto ^c»m ^smj ^itwm TO*m ^ i <ttto© a>^ ?$, ^^t toim ^ntot 
Ttm, il'©c'© ^rm i ^srtsmt <mSr v s i*m? ^©m 

■stt^tm wromi 

00 ^^t mtwm c©^ tot m«m w»t <m^© «rtt^ ^ycfmpit tot '©i<Hk*i c^ 
’•itto ^r (^pf t%5mt 'Qpm-to ^tm) t%^ to^ ^©^®m ■rot toi to ■*rm ^tt i 















































































































VS<H 'S '“R 




V-0 


A v-t> 

«-v\. 


A uh> 


"-"A 



to 7.02: to «l«fi c®^ 

xg^wf gjf\s<p|»|\® (£f^ gl^S'^'s I (a) 'fthl 
Cto* CTl^t Cto i£RS *J^C^ 2}f^PH ^ 
(b) CTl^t ^ Cto 

*13C*13 2tf^F®R ^ I 


(iii) 'otoR C®^5? Ito ■*!% <*R to 

Cto 5 RR CTffs *ttc<r I *i^ r© 
<^f“t ^ ^SsR to®R w Rf*T ^ I 
Rt§ w®R totcnr T&fa 
^pnynto i R^fte Iwr ^ HtP ^r 

(iv) ^R '®$c,*l^ ^<Pi>l R’t ^llw 
R*t to toJto 8l^to 'G‘ ! R tR»? 
toi Rto toR «n 330m/s 

*nto «<ft w*r 1439 m/s! tor 

<£R»tjf ■'tRc® <fRsi>T tofl®R W R*f 
1>R 1>R <K$ RNt life's ^ ^5R 
cto 7 Rf*t i 


(v) totto siftoR Itot grftoR ^r, *iBRr toto *torR to <nfl» toR rb rc?t 

'ailWlMl ^Itwil CSfCR ?TR C^M^tWI^TOWlir 

'•ntotet Rfw tor tow to tor piUt ^ ^*hh i (to 7.02) w»t to sm 
' 5 rr*tr s r Wer f^§R tow to wsr 
stfewt 1 tort to to* aiftotfR ^ pjtit 
tos Rto £tto®Hi ’ttto ^w tot 
RtofR Rfw ^l^wu ^ ^tjR c»i5| 
gtftoRi 



(vi) towR to*twt M 5 !^! to, to to 
RtoW W ^WfiMtto, tos 

«ii»iiim M*m ^Npt (?#r <BiiirteM «Pt 

cto *ic® Rti *Rt to to to to*tt 
cto to toto^ to»t ^jto *,uit* 1 

tofi> to*r to totoa* ^to cs^t 

toS to top totwR cs^t tow, 
^R< r ^.w? i£)^t*ii ^♦itoii'own R*)«i, 
to toto Rtesit ’fSter "to tor Itotot 



to 7.03: ^ 'o^®1 CTR ^f?r «ilwil ^5 
W»t tflRFf^ qiiTw 

to*Ra 1 


*WH^5H, «tf% 












































































it»8 




*ITW, W’tl^o ^ ^Sf Tjft> 1*m 7.03 f&GU fffW R«lt^ I TjC&l 

«llw<plu(. < q» ^5 t^O *ftW «llciwfi>M> *^5W3 1^8 


fastest 





«*wfl* «|IWH4le^«1 WRj’tU ^s *mcs <#r ot^qi ph^rj 
c^twr ^t «rt^ <?rffr ffifw ^ti *tife c*iM>iwi »K ^rc®r 
c«^ w®t tiw *kbr «n®im ^ ^fir <?r^ 
*ltw i slHN *iifar IW c<pw ^t*f w^w ^ 'O'sH (?r*lt»T csic^ 

^ *M$ f^Hl-sIlil to OT»lt5T CSlOT grf^EFf^S ^31 <?rc® 
fop fcsft p# pr® f^s *fir ^t?r *tte*t 


i 'jPi ii)^*5ml»i cdv| <q>fic.®i$ va<K.«fa a iHt v ® i tovl <pw 

(5tC*IT i 

C<f*Cttt :s “ s ’K <J»M i}^ *ftC*t «P<IC»I ~ 0 \ CM>I <PM PtT*ff I 


7.2.2 V8*t»H 8|4l<IOolt 





ffear 7.04: '“Hf "5P^ »KC4ltH <£RK SW'ft't? <£T4fi> 

4«Hl >fl is nw X ^>*i®T i 


*o*lr 







































*o>ir 






ii|^t f^C5T W»t '5Jt^|? "5PRT W»tfS ifR? 2i»llR'» 

tiltof m I 'SiRfa iSF^t fjf®? <£& fifths to ‘fRS&t W*t fcstt 

iifw’ s it^ tor *tttot'*n?ri wc®R'sfflRf <frcn>T CTlto 

1%f?C?f vasi^lfi* 1^«T SHRc'R, Pedxtl>0 ^T"(.<p|t}»i <£R? fw 

vsSflsR C^t iSR$ to* I ^ *RFR v©3fl*R ^tST W®t l (f53T 7.04) 

^ssf ^^<5 'vfi^wt (Longitudinal Wave) i 




^ ^Ib <^C5l 

<K<1 C^cG 7 Tt^ 


vWt>t 'SW <1511 <153 


VS. < 4^0 ^VQi<Pl 51 Fl<p(vj)lb 

■pfZTM >lkl(.<!) W 

fbf^*vo WOTT <1511<353 C^Cb 



^^^<1 (Bc*Xl<l W <PC<1 C<Kb t£}^T 
Tpwt wnj^it W 


fi>tfl 7.05: ^Mc<l T^ff ^c^°i i 

























*lnMR*«h 




?f©? (am W ■ifi&llit'o ^tff? to W*t fcsft to| <?p|tPT ?f®? ^PRfS f^§ 
W®t? <ac*m to to ?Tl to 1#? 'S&t <4TO ?ffl, W®t? <?TC*m *HW 

«W I 's«cH« •TfST ^Sl*? ^®?®t (Transverse Wave) I *llto 0^5 <4? 







7.05 IwifiJ <PCi>l«p[*t <PM •Tt'Q I 4?tE? ^Rc'a C^NIC*? *fl'G, 

to? ^WSfto <£Rft\ #M fcaf? W l 4*R ^*tBI? 

^fsmt? ?wto ^*m uipiti «<M3T <to ^m fSto 

?ffiPlT to 5tto m to ^ot?fc ^Bt W ^s i 4*R to? ^SI4M WSrft 
tto tot wlto C5fC*lt, 'fll^jjWj ^5?*t ?f Longitudinal Wave toft? 

^srsm ?? *itot? *nc? \ 


7.2.3 

^rasr^N? *ttos c? ?if s i? ?«?it ?wfl ^t? ^ito w*t? cm 

?J??I? ^c'o *11?? i toBt ^csfa'Q «j< ^PpT ??, ^5|? *«iii<PH if?\ 

tom ^toi *tm <w?if| cmw 4to w®r ?mm w?mmrto c?m 4to 

? yc it? fto* vsiR»t«i ?tfa ^k(.«i OT*m <Hifi>* ??? *tor® ^i? ?ce^! ^®?ro*m c^?t? 

^?m ^^i w»m m»iwi 4to 

?*it <sfw» ^®m <1??# ?*tm ?t^i w? frmn (to 7 . 04 ) tok <*rc» 

<4tot W*t CT]^j Tj?? ?>C? tol^ ?CB^ W®t &t?T I 

wc®t? '5jtc^t tot? «>iiMi i*tto ?tl*t <i«ic?. cto ??®t >s ifto ^s’pfc? c^, cto 
■®?ro*m c^t i £if% c»im>c® ‘fltol"^i®t ct$^ ?*t? tok c?*ti 

2ft% t'»ic'9c® c? ’ftftwH ?tc^ CTf& ‘P’Hlwp ?f? / <*m? w»t 

?t? X ?? 'sk(.«i c?^ v?C^ 


v = fX 

^<pi>i va<iH ??? ^^1 'mt*ir s T 'oimj 'mt s ocsr ?m ^m c^c*m ??, 

^*Hi»q» ^m? *m ?tc^ ^ ^ ?t*o? ^hi ?iwi ?m 


*o*1r 




























































































’iRWl ^ I '®?*t f^to 'SJtWI? C5v©? to ^Rt? v5|? W®t 
’'Ij R 5 "^! MC*m v tl*R'©*i ^?I R»*^j> Rt 9 l*fR < plc, a i3 ^slwl 9 lQ<)'0'i ^ *Tt i 



sftt: 7.06 fscar c^iwl 

^ l53f fflCT 5 vs^tHo R''©I<1, frfm, 
dtMH*M, ^ <4R? to* 05^5* to 
tofiR rr <?m*mt r«*? cJtof 
ffp*ft^ I 

wsn: ^.Rc'ffl C* ^|J CffQTTt 'oik?. C^NR 
^ w*ito tom (o.i m) ^ w®t fcmj 
(2 m) C*5T <Pfll W i ^ C* 

OT0?lt (?m (to 5 *i4ta<ph, <J»v>i|*|> 



1 t^ ( m ) 

t&3f 7.06: 'ow'^lt'W •'lIcHw 4<pli» «<l»t I 


c*n ott <imt w r* i tWsbt w*tfS i£mf& rw wto wRt i w?m rkr 
w^ttem *V»i« *tto£? ^ojcsj, i£j^rm=T ot rmc^ tom ^«u i 


eftt: 7.07 to 'aiiw^lD ^*»t ffNiPit wsi to to 5 w»i? tom, w»t torn, 
wm-wm, 4 *? to* c^a* to toft «* *mt r«*? r*w i 



ft<* 7.07: R*m* <*mft '©^•t i 


to*: dfe vs^wm tom (0.2 m) 
«*ms *i*to*T (2 s), aft ^* to 5 
t srj extern ^lj w* *mt rr* Rti 
^ ^to <*Rftt toft *wr 
w?m to to wto #tto 
*if**fto *CB^ CRft ffNtWt ^«lt^ 
^Icsr *\m c*w «<iH fcmr w 
*®rf 3 i'« < j *m i 


o 

o 

O f 















































































>8Hr 


7.08 fscaj ftPrS ^tsjcu Rfosi «m*<!Ic»i R? Rfi> ftPrS «i<HI<.*i Rfoti 
R»fi> R^IT I R R^aH, W*t frNl, wl°11<ph, ^tlw R* C^*t 

CR <PWl I 

sjvTsf f&af c**fw ^t*rat 0?<fco *ftfE$; 

a = 0.1 m 
R®t ftNj X = lm 

ffafafsaf <3lC^ «i1rI ffNffa *tlfB^'R«tfi>? 

t^at? a = 0.1 m (<4fi> ^iIrI 8Nsf ^ CSlC^G ^ftft) 

CkH«WM T = 0.2 s 

wlii^li CSlCT 1 / Cm *ltf^ 

/ = - = 5 s' 1 = 5 Hz 

l T 




fi>ar 7 . 08 : >tW W«R R? to ^TWW Rft> i 

<pIc'str igf& f55R a«|J <u«q^1« ^Blt Wvs *Hft 

C^*t v = Xf = lmx5Hz = 5 m/s" 1 


7.09 1&wi rF 5 Rfon 'oi^-^lt vHIwi ctR w»h ' p r*tt R 5 ? 

a r* c cs *t*rr r 

A R* B CS RtfsR 'SR ^fsR '^R'S ff*lt 
D R5 E Ca "5R 5fsR ^c®l'Q ii*tt R» ^ i 














































T53®f « '“R 


i5»S» 



fi>3f 7.09: i«5f ^5?lCsR Tptt 

7.3 '■fa (Sound Wave) 

■*R fcsf?r <PSW> tiR^t ^FRT 1SS»ls, UliSltS 4 *lliltlls 'BRI ‘SMM "SltWR 

wti *£R? <?$ ■“Rf wv c^twt «<w w raPM* wi? i ■BfiMtrt 

^PR^II *tE*R I 'amfc »MCbH *lfilffo fcw 'aiMCM <?RtFT w CSl<FK 

^It^. 'oiNsI ^51? c«w Rc?J <M>\ <?T*ltCT OT ^5 ptfStRur'^R 

fcsft ^rr R®im w ^rat #1 *Hi?r ^rat pft 

<PSt'S *fR^I 

cstrn ^ csrfSt ^tft « ^ ^fihfi 

^TTsrat ^N*T c^luil ^r ""R ^5*R 'aiRIcis C’tfCT 5 RMR *l 5 lt Res Res ess Rts 

^tWI ’HR Rtm cijpm ^RJ *SR^ CT?T -BRJ wind pipe 

4?T ^*fE5T 1 *Rf s»sls '®Ri suits?. R?PIW (larynx) I e»Hlt»i ^t6t ^ '»Mc'»s RffoT RstW 
^ ffSRsR ^6 (Vocal cord) I Rt'SR C3? RRt? 

*nw ^ ^ bof^wi ?m «nnw* csrk w *im, csiro?ifr 

c<pR e i slits* i OT 'SRJ ^jcssl ^sf s**Htw*s Rst l'®Is s*es uiuisl C^Rl b©Is S*CS I 

OT *t®Tt*r R* CTlfct WUIOtUlB ^hp I 

(^ 5 ) 

^— i - 1 - 1 ——~— r - 1 —>\ 

7.10 tfef <>Hlc*il ^*ltc?f <*r^f5 cs>ci5 Rc?r ijt; 'oil'»jc«ns Rt^l C3E*1 '5^ «ilRc?i 
^ 1 s*Hc®ts ^ti>t $s*tsl ^jcSt ■*sssts] t'»l<p|«n s»tv#s RP®t c^c®t *t*f <psts i 

IsRsi'oltS Rsffiw IsRs W 5 ! '•p'f frsR s»stvs I^Rt OT^ftl 







































































'fl||S||lW ^ ^8 1*1*1? TO? 
RmW <J>W, C^lw C? *llTOT 

imm ?ww ct fa* 

■*ff*tc?'*ffi M?TOt??i '"yt^vs ?®&1? 
TO TOF® *TO <?# ^Hc® U 
fcaf? *C? (£R^ TO? TO %? 
C^lblc^ cijW *jc? < P’ ,V R ?^*f <PW C<P«lt 
TO, TO? TO? '*N'6 TO ?C? TO? I 
'PliJltnn TO? <&?? fa? <?# *H vs 
*TICT TO? TO ^sf% I «T3l^Wl>9c'S 

^? ^i®rt^n to Wft *ro? to fc©f? 
^?i toi 



fi>«A 7.10: ^M'St fowl c.**l<T>H ^5 £®f? *t? 

ctBiw^ fer?1fTOiTO fc©f?TOTOi 


TOR f?C? TO fc©1? <PTO ?? CTfifc* 4* Wl??t C?C* TOI mim ?tfctC?t? TOI <4TO>I 
TOoc?? ??*i? ?? i TO wi f%s?t ?>$? TOtetf? c®'©? fe?f'Q ?titwt ?1? 1%^ TOi?t 

<il'©hc«P TOJ? Rww <imta <P«R TO 1 $FT 'ai'»r© i 
TOO? fejVfal C? "TO CTO© TO? *Tt C?fi> CTOtRt? TOI 
s ul<l«liSRit'© 7.11 fTO? C?TO?t ^TO? '£R s ^t *1?S 

cro cm ?ta c?c* 1 ?$? totoi* to 

?MRT CTO© TO?I ^©t?TO t£R5&r TO? fro? %? 

ttar ri^j to ^ *?w *f*R c?w?to^ijtos 
’JJ ?TO?i MlttMlG <jCTOtf? *?T ?W 

C5TO *1®R C^rf& ?l®?(.'© PITOTS <ll^W C?C* TO 
(.''ilu C.«p|(.«il TOt (Ss|<l <M(.?, Rf I 



t&af 7.11: M*i®tln C?W TOR 
?W <P(.*I ■ > lRC'f) Rc«i ,< pl®l? U<K.°1 

TOfi> '©IT? C*IRT ?T i 


totoi? *r iro? to tor 

TOH«^ ?f? 20 Hz CTO 20,000 Hz ?t 20 kHz 4? 
?t?NtW ?lw '©Kc'i C 3 ^ TOF cHHI TO i ('©w 
C^WH Rfta vfaps TO ’JPTlTOT £tMS'»TOTO 
TOW ^RTO W CTO1? TOst TO TO i) TO? 
TOt«P 20 Hz CTO ?s? ^pr OTTO TOTO ?t 
20 kHz CTO C#t TO CT^TO 
TOtTO ?t TO i 20 Hz CTO TO iTOt 

20 kHz CTO C#t TOTO» Mt TOt TO C?t& 





























































































?t®tc*r pi ^ '•tpc® *irr ri i 4 *rac^ *tc^ ^nc® 

^r^siRrat toRr «rapw »ifct#iwM ^t fiPwin «mi« ^ric® *nfih «ipw ’tftifa ^r 
^itcw* ■*^f ^^rc® *n?r i 'gfiwin ®nc»r4 *i?cR?rw^ , Mtc^^fc5ft^r ^ 

W *lf1lft Pft ’■ft ’JjFT TSfrS&f 
l^\^ wc^ pi *nrc?!?r ^t toes ^c®r 
PtCSl 

i^f lira# Trfto W®t ^T **MCpM 
wr ■“t^r ®?r*t ?jf% Pift ^wmpri 

®fMj Pxif'S' n «it <> t^ "sit^ocsRr "RsRsRr ^?r i 
nwfli w*t ^Rtf nft ^*15 8NW 
to ^ s»*Hcpm to ^ i '*Fr '©sHn C^I 
■sitwr eiffar %*Rr tor w, to% ^wr 

43 C^t ^T, 'ffl^C'l ■'St?' C5C3 C3f*I, to 5 ! 

*mtetf 'srfrat «Pii *ic*i3 wn >iwipw ^mtarr ^ ^sm ^*rw tor wi *tc*r3 
’src®t ®ri 1f®tw to3 i ^fk ®3c®m tom <?#r 

SFT*IC*m <to ^53 ^ 0IC41CHI 

®3B»m "SC®^ ■*Pt WI*R Slt^pSR, Sif®*m=t 43? ^ttot® 5 ! ^a *W3 1 

(^)) fe?^t 



7.12; SjlPutV'S! PtSPT ^©l C3C3 
W Nt W3RM 


^c6t aiftom sil*r to sfl^toim to tfi cto fcBt wr i (pto to ^pim «rpt 
^C3 39 K 3>e3t i) pi^ fcBt to ^®t "gfto ^®f5T tor ^ (to 7 . 12 ) 1 4^3 ^ 
snto^ sdw 4to «wi ^®t to cto tor < 3 $e?i ^ ^m*im Rffto 4 <p®?i 

^31 3Plt 'SHJBR C*tTC3t I (^®li>l PI3 to to 3tC^», ®I Rt SPI to} ^3t C *M 3tC3 
m) 'sitsrat 3t®tPi ^*n i ^rc® i frca ^ ^pp® ^ c*tfl <?r *rc^ torfl ^ 
^■^stt^TiRri "*1^ pi < ito^'src®t^Rj'sito tow pic® ^ttc^ 

nft *tffatlT> ^Rr nwlit ssm i 


TRKfc, 1 W#®K > w-io^r izjR 





















































































’I'fNtoir 




at*: 1 kHz ^*1wn ^sT *»IW W fffiftR W %?T ■“Hr fcsfa W <?# ^ITOT, 
’ttfa® ^ <&m cs^5?f tor Sfalf^® "55® to ^st? CT*t ft*fer®C?T OT*lt C’tES 1 fFW (3 *t 
334 m/s, *flto 1493 m/s «IR* CTftfr C®^t 5130 m/s C®H 
frNl w? 



C^i = Xf (SNIFT A ®?TC®t?T frNj <£T^ / i 1 kHz W 

1000 Hz 


^IPT 

*nto 


V 



334 ms' 1 
X= 10 3 s’ 1 = 


0.3 m 


<&m 


1493 ms 1 
X ~ 103 s 1 “ 


1.49 m 


, 5130 ms' 1 

X ~ 10 3 s 1 


5.13 m 


7.3.1 attoflft 

■*t*r c*m$ ^ tow wft ®w atto^R *hbti *rNW® <fb tHlw* 
c®®? ^it ^®rc?r ^ *row ^Tsrstsr ^t'sflw *?t, CTfi> alto®! 3 ? *l®t ®iw i nHlw* 
c®®<t ^9 c^t m «<imm®im *?tc® *i$ wi wi^wt w 

'ai^fo&l 0.1 s *#® CTO *W Wft Tjfl> ®lHM®tW *TO ^ # TO* HtCTt 
4^lTO 0.1s <«W <*Fp5t *M 11*4*1*1 TO* <?m 330m/s *TOt 0.1s ^ 

£®f* 4**C® TOa* WTO? 33 m ij** ***C® ^ I <£R5fi> *® OT?Tf®T, W»lt* 

tot *t®t *tl*fa5* ’TOT ***TO «fl$ ij*tfS* ®IW9 ij*C9 (16.5 m) i#5to?r TOft to 
giR^fa® *5* to®d*rc® o.i s *rsrcr *rtro 4*? ®rl**t to* sitof***!® *it*i 

4l*Jtwn CBN ®ftC^ 4*^ CTO C**t ®tt®Tt C*NC® *1*, i©t*T ^W* TOt* 

alftof* *ml* ^c* i *tij® 'SvsW ^rsRf ®t* *»& cTO TO M* *>c*, TOw c^TO 1%^ 


*o*lr 


































































*o)lr 






?twr siR><pPi'o ?c? 1^? ^rtw, m rnffi l^c? ifrc^rc^ (?RR e?m 

^5 H^Sl «|^H <P30S *tt£?l i£| 'SHI Wfws ^V5 Celt'S 0*ft?I&C® OTC® 

*nw i <n^ &sft ^ '1^ *n$; ?t, ?*m ■*N^ ^»f?r 

C*iRt? ◄ftwn ^wltWRT 1, Pf l ?1$? film lOO kHz 
*i*t fc©f? ■q»5u.'s ms\ 

0>f?®T 7.01: R1««| 


7.3.2 *(&&( *N?SJ 

?MCT -ji/n* C?*t m*Rli£]l<i ^f^C°l^ ?J*«ly|lfe* I ^s^fk 

V « Vf 

'sH a (|iS|l W®lPnih ^st^Wt ??l C^aifoi 

C^s^T m*l?l3jti 

*tc*r? c^t ^tc*l? «*fir w nti w 

?r$tc?? w?? ?*f*rpT? '0*i<i wi-i'iif^'oiw fas? 
?*c? i ?mt? ^%rw «im? ^ivbiwi) ^ ^c? ?i?, 
C?T5HI'"Icwi C?*t <Rt®?1?l 


'5HW*fc*f? C?*t 


?t*P? 

m/s 

'◄falR 

330 


1,284 

Rhi 

1,450 

*nfa 

1,493 

crri 

5,130 


12,000 


■*t^r **r# TiifsRr w*ti ^ "sitwRr faif^iffimst? ^*1? fas? toi wf <$?s ^far 
*Rte4? siffa ?m? fa? ^ ? s l?s e $: ^ict? c?*t puts? fa? i *te*t? 
«*r ?m? coct <afa ?*$? <wf ■"tc^ ct? wr (stc^a «Pr 17.01 <$1?pt fafa? 
"sitWf Hiwi C?*t Pf^TfcR 1 





o&ftm 4 ? wm *imsR m Rita ?iwi, ?m d»R&w 

?wi? wt 6mt fas 1 6m? ’jpw *nw, m?«t ?#? *ri< ?tm 

PICT* qw<? vsIpiT Hen* '5lT<0? 1 

___/ 


^rt^t 

£tff: (.alt'll mm ^ffampT 10° C 4?? “Itwi C^f 332 m/s, ajH*mc*i 

<?m 30 ° c ?pr Re?? c?*t w? 















































































*08 




v oc sir 


Vl 

V 2 



Vi = v 2 



332 


273 + 30 
273 +10 


m/s = 343.5 m/s 


7.3.3t^^T 

"Iws Slop's ^R3!fc?R ^RT 'SIR < pI'Sc < p ©iHM <PG5l ^®i(.'o •It, ©iRsI "^Rt ^Pi, 
«ir ^ Ts®m ^?*rr cupr, ^rr^t wiif^r rr c-totr ^©jtfwi rf*r 
^rot tir to cm$\ c*ik?#ti ^stw^t *tc® (7i 

•MSrlVs^fiJ ^5 <RC^ ^©ft^ flRR CTOtt $*IR % Rt, RMj|RwWlfo to 

«4j^»n» si^iim c^^it - > i'4(<i i c*R toiht &*ifD , oiic«ni& , ii <p<(i i 

faRtPto Pprfw rR® 

Rifat to tort c®*r ^ 1% rt 
c*rr ^rj Ppriw Rtc® "TO rsti 
<*# rrr rrj Rifat Rifaifa 

<^ fiwwi to ^r, Irctofr 

R^r 'srif&sr fifts* *srt TOT® 

r^ gjfo<pPiv® to tSTO' 1*ro 
, ail(. J i i fsTawh (Geophone) *iltR 
%“R <W *R17R fiPMM Pft 
8if's<pp'© '©<H(/q > MR 6 ! (Detect) 

TO (feat 7.l3)i W TO 
%25W TO Rifat fro tR*f® 

Qih|Q)<p cTOIR «t3lR 

Rt C^RR (.'©*i ©ilc^ ®T < pw 

CR'QRt RR i 'Svifo cTOR 

TO %awli CTOR TO TOT TOR ^>R<H tS^R <RW %awlw RR TOc© 

^»'©5^ RRR (7TCTO «rh(.'© *IR(.®r. Pfe** '©css p^o'alcq CTRTOfRRi 



fat 7.13: RR W®t Jlf^R CTO ^^(?r fat 
*5^ ®«lr ^TOt RR i 


*o*br 





































































«ih5hl»® Ishta 

•unmURob «MdJr wntfc totofc* *toit ^*r w ^nqflwfc® torn 

<mn ^t ^?ri qixr wlwt w®r c^tofcSt w# Tgto c^ ^fir c®^?r 
*il5>lwl ^T, '©Is wife *m a il c<s ^mi ’ailctf i 

7.3.4 

<ail>ll«W "BfirtW *(???^ ^ 

^fir 'sttflt to to Tpw ismm 
'»tE 5 !t ^Tfc*t >©iN* toi -J^t's 'aiMws 

to% ot to *ri 

«t^it »ft^ ^si$r wra sfaft 

Uto 4I1WWM tol 7.14 to <s*t 
<*UI*fii SlUWWW *tCTW ^5tof <FNtFTt 

<P«p-fa i *j«H*itol ^t fi>vS|*k<p<p 
tofrs i£Rsf^ <p*H(.^ to c^r ^?ri to 
'sg^ tof ^ «£Wfi» <?lto ^T, 

M>^*t ‘ ! t?P 5 lMS '<3 9 f?J ^tolW 5 ? S*M "H^tlilc^ ^W«nl ‘PM G'©lc*l I 

^itot toc^ ^jNjt ^1^ w$ «IW4*JWl fato ^satto TOt « ^ftr RlCTt 
tofi>^CB5; 

'©)^'®l (Intensity): ^w»il to W C®ftW C“1t*Tf *ltoN ajit^ ^'o| i 

^r<H i£T^ wh to ct *itor to ^ -qra to«r ^11 ’im 

t£Rs^r Wm" 2 

'©)*v©l (Pitch): *to?T OT to ^ 'SRUM to^ ^IWT CSflfct 

'©Itp ctorf ^rf?r v ©lc < p '©lTP's! ^t <j(.°i i '©lipvsh i£ra*^ "sji^ hz i 

Ito (Timbre): to to 41WW <7^ *m 1l lWir tofol CT fato to C4M ^RT C*fl5t 
lu^ls 4t ^(.ss i 

to Ml ^j *m wt? ~m ^r, ct^piiw otosjU to 

£ ^ vst*t m 


^XA/V^/X/^ 






2 ms 3TST5T 


to 7.14: to to ■ql'TWCWI 1 *l^f ^5?wf I 













































































^O'Jj 


'©In Ren t'oR (.-*i'©ln 

4MOU ?ff%, ^WlRill*! 

'©iN'» (Percussion) Rc? ^ fr©R 4>nln nlu<i«i: C5l®T, '©n®il 

wro*r ?m?m ^ Ru ^*rtor ^p?m m M? ?mt ?? i 

7.3.5 *fe*RIla*tf 

m 8l«l«^l« 4?# ft??, ft^ «*RT ?N?|R ^llillt^ $hHM> 

??m ^us *ttari ^srrsrat ?mt *mor *nfa, ftom ?*ar ?mr ?vb < 4 ?#?iN?r *npt 
^tft* N?t <P«R WSft ?PT, 

«nR, tra ^ftram 4?* '5RW 

?aft arm m%r ? 3 j%n? 

?ta bot ■Jim i %#m 4 t *TOj?of 
«ttro $ttro wn ?m ns© 

^snsp® ?or ?R i m? ?ft TOfijTO (ftt; c? 

n?>? c^iwi ftftRPi mm mt'smm 

c?N?j ?? m? ?*c? TOfijTO ft^st 
#?am wm5$f? fls^f mvs *trfti 
ftft? *mam *tm <ift?t c f 7.02 <$ftor 
cMlWl 

4ft ?*rm ww w m “i^wm ^iwt c*rmm ton? w TO% -m 1 
w# ?i%? wm? m mtorn wrw wortwre nct w ®nto *ih c*ik? 1 

*TO25 e t TOitcm? m am atoim cwt 4 ? ftfcm fc©ft tot's?®! 

?mtf© m *nc?r <*m* ?mr ^r N? ftfro ?mro c^mt ?i?i 4?*m alarm 
m^k^Ni »mi$<.<p R*)*ifi> wWitv© ?5?, ??m? tot ?? ?m^m ?>c? o«iit>«i, 
wwm to? c*n?am m bt^, ?ftmm ?*ftai f%??t ?m w cimt, tot wm 
?m?m? ?j?sm ^sjift 1 4?^ *m mm ?ftn mm atp m ®nta toof ctoh 

?mrn ?n ?mTO'Q CT'Q?! ^ft^© 1 


c6m 7 . 02 : mm *mom w wt 



110-140 dB 

Slfip<l» 

80-90 dB 

’trf® 

60-80 dB 


50-60 dB 

TOimr©r 

40-60 dB 


10 dB 

■sptm ' p rwmTOf 

0 dB 













































































































'fl ""t^f 


*o*l 


1. OT *t%W <fR» 'SflU’tt CSlt^ ^(J 'StlU’tiH fes *ltC31 

2.1*Pr %®T '*t^f ^ C^T? 

3. “w®t awi$>® Tim shiR>» % ftw , 8 i«hici ^ 

^rw^l^iji? 

4. ^isril'o 'to *t*r c^r? 

5. W ^ fcaft ^ fcsf* ^5f 4l^< WUT 

■To? 

*#itw 

0.1 

? 

0 

- 0.1 


fi><5 7.15: ^ TO I 



12 3 

(m) 





i. 7.15 fi>caf T 5 mlt ? T w*t ffNW i ^s?p*if 5 ?r c^t w? 


2. <3*\ >*R? ■*tPt? C^t-^ MACH i MACH 9 W? 

3. <aro Utoot "Tot c^t 0.05% c^® m i '%**iw io° c 

^(.°i ^srs^t '®t 9 fsjtajt w? 








































*o tr 


4. *xm 20 Hz CSICT 20 kHz ^ *frf?i 20 Hz ^ 20 kHz tot? ^?»t 


5. 


dB = 101og(^), P 2 CBf& ^fto? to «£|?* P x '51*11? tot? to toi, GSfft $%?? to 
tot? to top w ^ cto? 



◄tfMibfl srsf 


vBva^fDo tot % (V ) 

i. to c^H *i?ct? ^»?wf? 

(^) t^w W? (?) w»t 

(?) «i^Mi 


2. tor? «? «*l? 'SltTO W5t? «Pr I 

(^) ?*% (?) 

(?) ?Jt% (?) » 


3. fojjto ?$PT ^5 ^5T ?frffff <?Nt ?1? 
C^T? 

i. fcpjlto ^toTt? WIR ^ 'SfSfl^ t^9 

'a|vq*Pta'»lw a j"'N> *tHt?T *Tf ?l^lsi I 

ii. mitM to? tottS? W®t? Sl%flf? 

tof?t?i 

iii. ?1^5 t£Rsf& v5tt? to? '©I?fi> tof 
TOUT i 

C<pH ^s?fS 

(^) i « ii (?) i « iii 

(?) ii 'Q iii (?) i, ii 'Q iii 



1w 7.16 


7.i6 to s to is?? 4?? ab *itf?? i tot? c?? 332 m/s ?c? to 
<4?? ?fc?? to! « to[? 1%1%CSo 4 « 5 ^ £fW|? ^^? ?t'Q I 


o}br 




































W't'S 1 »|*F 


^oS» 


4. *llf^ vSw>va>1 h «£)^ 'siH W *(W fitfwft C*M *ItC4? 

(^) 13.40 cm (*0 13.40 m 
(^) 3.40 m (*t) 3.40 cm 

5. fill's (.**(* W13 fitf^*Wp| W filcSlI'Stl QfA'f 

(^) 0.10 s 0*1) 0.12 s 

(«t) 0.14 s (*T) 0.18 s 

^SR%T 8|rf 

1. '*f*f 5 r Pi4il>?l I I^T ’toMR'esh *tffaT I 9 tt£*t? 

^51? ^ ^HT <3IT% I -®f?rs I 

(^) 

C*0 ^firt ^jwr i 

(«t) UUWlCfM W *ltGT ^ 4 fifac*t SH^ICMT fil^fa 

1*Ni 

(*?) iMCpM lc t^H filfetw #t W*lt CT'QUt OK& «ttc*r? 

2. %5<f ^ « 7.17 ftew 

StSt^CPlta S'Q'S 'Fft'Q | 

(^) *i*fi«^s *tf% ^r? 

(^i) *n% «<h 

C^*T? ^JMJT <PC^i l 

(*t) w*t fr# fafa 

i 

(*r) s v =i<Ht s T ffic^ firf^*wft 
c*IM w f%? ’ttftfw ^-> 19 . 




'*Mt-^.‘i, ’inl'^R'wli, <»>r-io^r cSfr 













































^tlMfosah 




3 . ltot%T ito <&$ <rr « *ifa«w»i*. rtssff c^® c*t®r i <r*tcr 
w <rrr* «r©R 4 £R*fa ^^rtr ^rj *fRto5? *np*r *fito ffc^R 

Wf R>R »]*i<.'© Rt C 5 ^ 'JR *!RM RR«T i ^R RR RRt 

^R8 3 fifcR RJR to ^TRR *Rf ?RS© RRERR 4R? 4$RR ^RtR 2ff%*Rf% -^© 
C*R I <Sf t*R <Sf x f£ 3 *R <RR « ^fR RRIW 332 m/s « 1328 Hz. 

(^*) firfR^Npi ^t? 

(*0 £tf^^ C*tRR ^RJ <iR5fct ^®sr Sfc?lRR (SR? 

(*t) ^RTtfsR vSbblRv© "*n^R WR fr# W? 

(R) '^SRtR f^^sR ^R 0.3 (RC^ *R Sif^*RfR ®l$(.«1 yral'SW ^[R^S <p\ao| 
C’RjCR (.*10'® "5R? 



































